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AB^iTRACT 

VVe pifdoiu )nt«rD)^ut^dApMkpu spdtJyiy^rMlvrH df^^trowoplr 

ote(%At)orA of & LatlMJ othipoUr pltMi^y n^bul^^ (Pt^) luvs 

b^o omI to tb^ «>ccitit)on m^Huoidiu of (h« Hj dtAnJ^rd 

r^ice dl^^idOillcd Th^ cuol^)^ b pr^douiomtly ihncfc^krlt^ lo bipul^ 
PN^ vHh brood ^ootoriil rb)p. oihrroio bipulor PNr^ oilh oorrum* dquAtoriol WMt£ 
pi^o^t ^IU>^ UV mitftUon hi tMr cor^ (^ i« Kb 12) or ihncfc^kritAtion ot Ihrir 
b3pulAr lobro bf 1^92) Thr dMr^^?xdifttl03) funon^ bipolor PNr w)lb riof b 
foimd to hr cor^fttrd wltb modern In tbr 1-0 S(lj llnr 

h^vr mrndrd (hb bv^ii^Atioo lo o(hrr PNr r^ith ftvojUblr or^IR dprttro6cop3r 
obttrrvatjonr Thb rooArcud tl)0( l^pobu PNr NiiLb rr|UO(ori^ nofr ^r m tx»hf? 
hiJtbtrr id tb^ id Br> ^d ihw UontJn^t rhocic rxcitAtloo 

Kry word^ ISM jrt« hnd outflo^t ISbl* liM h^d lofr^/rd IShI 


1 INTHOOUCTION 

Nfbolflff r^pesMU th< &horUlcv^ tcAiuu 

tvorv 6 ^ 9 v evid ptJithood Id wivte dwArfidom for low« tM 
) 0 tfTfDediM*o^A&s ) sthn 9hn oioct of 

tbrir ^nw^Dpo di cIm fod of tb^ Mvmptoeip gi^ot brvwh 
(AGB) fjfiPtD lorotA D cirpuowtKJDT sbHI wbksH u su^ 
Mqupfulv )ooi2od b> (be c^mrAJ slat ((a^N) tM b^oMOfx 
A PN WbjI^thA opocftl roi!(AD 0 Iron PNp le dorruoAtAd by 
bof4 /jLJii loooed ovolePolAr fODt^riAl iqav Bdt 
Mr^ivc wherev iht opiicAl dfpib to lOOBin^ pivD 4 oev^ u 
iogb« piCliM m Nigb*de(\dit> eluffvpo or m pbot^disaoc^Diion 
r^oo^ li^OR. Titiw k HolleohAdv IW) 

NfAr*tf\frAnd lODpo^ of tM K: 1*0 S 4 J) X2M2 ^o> 
fnstoev low bM bo^o 0!t<d to d^erl OMif coIat oaier^AJ al 
iogb e^tiAl r^QJu(kDO A/>d it^rMtiwt) tM Ant 

of Bj mi&soo 10 NC <*7027 (TrffTm ^ aI ISTd) tM 
WAr*llt H: 141 9 ( 1 ) liof Aas bw> d^epted 10 ov«r 100 ySt 
Aod |KMtoer h aI IW. Horv Ladcr. A IMitscH 

Xb 9 Q^ {fMfmo ^ a 1 2 nn 0 . ClArciA^HernAMs H aJ 3002 . 
Aod re f ersfxe< tbfrfin) TIvbp obseryAtioeu sbo^ tbai Bj 
fmto^oev prAAoeooMTtlv dft^ctfd j> IbAAquAeortAl r^fioru 
r>f bipdAT Hh> (hoTAftn Bl^Nr). w: A/rd dujrt*sb»fldirig 

of l*V pbotoQj( At PD^ o> tivfir draitA epoAtor^al r^fions 
CAA pTwid^ A aaI^ bAwn (or owlecofaA Altbou^ BPNa htt 

* C-DIAJI A/bA^UAe0lAA4A 


tht bsi^lu^irt H9*mft(^r9« thif prA^ncA of molKular hvdr^ 

it 001 ^ArUiArv^ to BPNf. enuitiy^ obA^vAtionA hA\A 
pruvAfv LbA( H9 Aoimon rM Ate be drierted tfv PNe vnth 
eJlipADidAl or bArreUJik^ morT^bolopeA |MArq\M»Lu^ K aJ 
201IS) Tbo bi^h*opDt)AJ reADliftlon of (be!te obw^Mono (u^ 
veil tbot tha H9 msoi Irooi tive equAtoiAl nri^ of Bl\Ne 
Arises teo> knots end rfoo>^ en\bedded vvthio (be lonieod 
met^TLAl of Ibe rifi$ rether tbAO froro e PUR (AlAJichAdo ec 
a1 201^) TYm is Ate j> coocerdAoee with the dHeeuoo of 
H9 HDBsioo m brpolAT tobes ot BPNe [t^ s RAn^Lonctf et 
a! 2DCR^ whieb pools At tbepr?Aer\re of oiolecute foeteriAi 
)o AO erv\jQon\ent dd f ereot from a I^R 

Morpbotef ir^)« tboolAS of BPNeis oot borao^eneotis. 
wtth (wo dmioct soUeleviBi iMArrtteo et aJ 1496) Bl\Nf 
with A ooropoet eor^ or oattow wajsc |W* 6PNe). Aod BPNe 
wHh A broAd rji^AtrMtur^ (o tbe vam (iUBPNe) It is tuw 
olfor vbether Lhw two s\ib*<lAAM of BPNe dfscend ten 
pro^emlon m the acie oas TA/ige bvt observed At ddtrr* 
ent evolotooerv stAgs. or they proceed from progenitors 
of d)8ereru fosos ranger And fiollow ddfereot evoKitionAiy 
^bs ((Iverwo et a 1 2nn0). R*Bi^Ne esb^bii the brightest 
H9 eouao> Ajsd thf fiigbest Ks/Br^ 602 rAtio (t^bner H 
a 1 IW(. Cioerrero et aL 2000) It is teropting to correlAte 
tbe Ha eroBsioo wvth the Amount of moleeulAr oaaa tM 
conrJude tbAt lUBPNe bsve Larger reservoirs of mokerulAr 
mAtoTLAl And proceed froro more mesiv^ progmtorA The 
lotenotv of the H9 eroiAsion depen^b strongly 00 the esco 
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l. Ivia0< tte d) Uur ^ tU Ns«bTi4Kt BPt^d tfi mjr M^pk 1^ iUt potftteru oft^ mat^IR 0 
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Koab M up^ 2A£t kft Tie htfitoMAl to/ t^ tAs^ of PN to v* Noaa l>At tte Hmt koim oiooi PA*«1C^ )b 

imo^ of M ids k AJ1 AfliCAct 


tttAon fD^eiAnisn howe^'fr lo Lhif ^itKulAf caaa of 
tbtt>ptcAl shock velocities lovplv higfsef eousMn bf\A iiw 
tMurtMAthto thae expected ior sople ltV*c(cilttioev 
too. Hollfobfvdv. 4^ T)e(ea IW) TYven^ore ifot^rig 10 the 
2 131 pfo H9 lioc tlooe CAAJtot be Ujted to dctemifve the 
totti otoleeulAf fotos lo Aoeex whetbee Ibe two so^rJcoeex 
of BPNe ere ceJtted to ditffcent evolvtioexAfy etogo of the 
stove eba of oi^t. oc to disunrt ctAssa of objects 


BPNe JiMed 10 Tthle 1 tod obctioed ffodecAte^reoohiUco 
neAf*j>&tce^ K-bvtd ^ectrwpy to dit^aoee wtvctherthe 
boo rAtiOA Are cvosistent with shock or l^V Mcitotrov 
tBJak ^ \%o Ushocck IW) Tbe spectroscopic observw 
tvorvs tre deoenbed j> Sect 2. the xpectct aM lioe vntoosity 
meoxviceroerus tre preseotod m $)ort «V Ajsd the )ovatigt» 
ttorv of the Ht excvtotioo osecfufusov )o tbese PNe is #vow7> 
10 beet 4 Tbe reouJts tte ditruaed in Sect S trvd the ovt<j> 
corvrJuiou JtunfQArtaed j> Sect 0 


Tb detenotfve tbe rrvolecolAr rootqvt of the two djfferervt 
soUeita^ of Bl^tfe. Bm we hove so eotoblob tbe ccevit* 
tvorv corvrbtioos of Hj We bAve iheo selected tbe SAJople of 
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XU Bipolar IHanelary NebxJ*^ 3 


N^Af^lH /C^bAwl •p^rtro^SoionMnr otMecv^UciM ol tM 
Mwo BHNrliMd ov 1 »«r^o 6 tft) 0 fdo«v JuJy ^4. 2n04 
tfMOg (beA^Sn T>i«ap»> t^AsmAlr (Tt^Ci) ft/>d the 

NfiAf Ij^urd C*<AfDffA Spervroctft^ (NK^b) is ft9 9pActr> 
Kop< 9V»de A i^AWAlX 10^xlCr24 dKector «Vi used, 
Mh)og o » spectrAl dicpraon of 4 ^ A pixK" ^ (4AxlD"^ 
po A Wiv^jeogth r9WA^ frofD L^S po to 

3 Tbe se)og <ljnog thA observAtioos vi^cwd fcon 

Ct7 to l7i 

thA sbt »^ 4 tlv of ( 7 ^ 7 S wd dvj^ iM observ^t^ofu. 
tbA ApencAX woJot^oo via ft'lllA (or o rMoJotioo power 
K ftlAin Tbe »lil pnuoo Arg^ (^As) ood totAX )ot^ 
grOtMOO t)OM OTA pt'AO )0 <oJofQ/w 4 Aod S of TtblA 1. r^ 
ApAetiwJ) TVAApretro wm reduTAd ctA/^ord IRAK^ 
V3 14 I reotioAS The WAt'fJAOgLh r^bfU moo wu ohtAioed 
wog tAllujvr 9^ boA< ThA bu CAJibrAtioo va^ CArnAd oot 
yming tbA stoj^lArd IR mata of speetrAl typo A AO SAO 
lhA12. 4AtOO. M SAO 72^70 (RwM M aL i9S%). Tbtte 
9 AOVA ctAci were Ojted lo ecereet the OAbulArspecuo Croeo leU 
Jorc AbsorpiioQs 

TVe sbtA go oeroAA the nebtilAf ceoter m oO cam^ Along 
<brecuoB cd spce^Al loterAA ) Aod 2 show the sbt 

powtionA OAV OAAr»XR j?iAgB of thA PNe J^etA)b of the joog^ 
)og observAt^OAU at e p\90 )o 7^h3A 2 lo the eAAfx of K 4*Si5« 
ki his. Afd M4*17. >1gWA J «bowx tbA c:AiAr AJao (< AHA) 
2 7 to tAJeecope ioa^d< proAfUed by {roerrAfo At aJ 
(2n[30)« where fooro deCAib orv the ohAerAtiooj^ ood dAtA 
TAduet^orv Arc giveo Por the ocher fiour PHa (Pigu% J aM 
2). f\ArrDw»bAod neAr*IR iroAgB wore o6tA)f\Ad ai Che TNG 
whh NXC$ j> Its JOAgiog otode using the Short ^^eM rMU 
ero j> eojnboWM with tbA odoptu^ optics tnodule The 
dRMnor WAS A lCr24k IA24 HgPdTA Anoy lOLh pereJ Me of 

<r04 AodhAJd d vvewot0^7irD'7 IfOAgA* of KoO^I. M 

Aod XC'4fQ7 were obtAUied on 200^ Septeo\ber 17»16. whikf 
Hb12 WB otaerved orv 2004 SApserdier J7 T^a hher dftwXs 
Aod A^posore tinves ore given )o TAble 2 The spACJAl re^ 
oiiftion of thA onAga et bA^weerv CTi Aod C^d The insges 
were redocAd (Allowing otAodArd prorMwes Pigores 1 aiuI 
2 Hiow Che Hs unog^^of Hii2*1. 54 1*22. 1C 4427 aM Hhl2 
Their Hrv wod K(««j lo^Ages (oot Hvown here) Are verysifoi* 
lArto the omai the AngtdArrASoliition wrloAved b> these 
iBAgfff showing donunATU core eoxi^iorv m aII of theo> ervH 
wAwker ertended emisAoo m the rasa of Hh 17 ood hi 1*92 
Aj> AttAfopt CO sshruwrt the ooruinotiro contra but lOO frooi 
tbA Aod Bry boA ifOAges did oot yiAld SAtufAclor) results 
gtvAfv the brigbt continuton enuaiorv At the core of these 
nebulAe 


2.1 Oota Afialyais 

The spertrA apertures were setortod on the bass of the r\e^ 
uJar OAor^XR roorphoXogia (figures 1 And 2) And s^tiAl 
probks of Blerted spectral 'imaKNi lines to peobe dj^Arent 

^ )iiAr the 3ntAge Redi^M And ABJyeu P^OIty le iIrtrlWtod 
\fj tbs KaisoaaX OptiAsJ Aetrce\£eny ObAsevaxcey. whJoh le opes 
sted by tbe AsAdtistM cd ifnh em tles (se ftcscArdt is ArrrooorTvy 
tjodir ttpopereiJvt AgNseiieat with Nst^el Scisoce Potiad^ 

tiB 


Hg 2*1 



/E 


Hb 12 



IC4997 



PlgUF« X Ml the Ht Uiac of iM BPKc 

)rv our AA/bple The iht pcsitlooe ot ths necslh speetronpsr 
obseTiOXloai end tbe Axisrit cd the epatisJ Apertures used )a tla 
ertresSMo cd cnSidJArcQS^ooAl spectrs ats Ib aI 3 bgwes. 

KortK Is up. Etet M The borMAXs] W belovtbe Moeof s^b 
PN MT»poo^ to 

nebulAT rrgMAOs end elrt^tires AddhiotAJly. AVAiloble opti» 
caJ unAg^ Aod XoneroAticAJ inforocAtioo were used to Aeleet 
these AperttflTs 

Thei^Ne K 4*1S. 54 1*7S. And it 4* 17 (flgurw 1) Are relA* 
trvH> eMAfvded 90urc& enth AngulAr ears mAsy tunes that 
of the slrt ondth They Iw^ a rdfAr idenuhratjon of their 
oeotrAJ Mn As for K 4*56. tbe Hit PA wb selonod At 
cot^nng the relAtivAty bright ceotraJ ring (R) A/>d the polo 


0 PAS. 54NltAA 000 l )i 



4 Manjurz-Lvgo. R /!., Ouemro. M. A : Ramos-Lvxoi. aud. Miranda. L. F 


\ 

r 

\ 

J 





I > 

\ . 
J I. 


1 1 

1 _!!!_ 

f 

9 9 

S. ? S 

JMl! 

' 



) A 4 i 4 


Ift) K 4-U 


s 

f 

* 

» 

V 


6 

? 

■ 

a 


6 

? 

ft 

9 


ii4l*7S 

2 

1 idhm 


s 

• is 

• s • 

1 ? > 

1 1 

S =.1 

.L 

L .. ...1.. 

- -T" 


ft 

t 

1 

> . 

3 : S 

! , 

' i* 

i| s 1 ! 

• * 

1 . ? 


UJ_ 

1 i i . 



lb) M Utb 


ip^ 


1 > 
r 


ft 


IM 142 


I 

9 


I I 

i- .J 


J. 

*• 

t 


f i 



{<, M 





p 

# 

» 

# 

V 

I 



(J) M 4-17 


rjcuf« ^ TNO N30S K-Wd ci «9cr<cr« tbc bipoW Phte k4-bS (<o). 541^71 (b) if'). 4aJ 544-17 

[i) T)i6 IlM M bb«)^ M tbt 


o ^14 RAJ^. bDC^^ Ow 1 12 




















H2 ExcU<Uii>n xn Bipolar Fiantlary NebxJ^ S 


3. tbt oteTiUbOJ 


Source 

Trl^ttpo 

Joerruroent 

PUter 

(.UI»> 

Ai 

(^e) 

BcpoMire time 

(•) 

NbJS 

TNO 

NICS 


3 133 

1X033 

T3ft 

No 3-) 

TNO 
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3 133 
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1639 

IC409T 
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lArH> 
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l^U 4. Bf*t ruAiu^ AuM ot 6P>k 
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T^U 1. tbt 0pMJAl 


Sevres 

A (J39Ct) 

1 (J3600) 

PA 

n 

^pesvre tirtpt 

(») 
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£0 
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1£ 

OlO 


bipclAT Jobes (L) ot Uvs poxilioo whsfe thev lotmsct 
fCium«ra MsndMdD. & SmA^fUcsn 1996 ) M U 7 h bss e 
jpolAf mocT^bdog) (blsAchAdD* (i\Mr* 

mo 1996 , $) 4 mMder«C)Aras M aJ, 3010 ), vith r«iQ pom of 
bpolss lobe« AJip\sd AMg PA 1 (P Add 30 ^, i s tiwir nA<j> 
AXiS onootAtiDns Hit 6 er bv *^0^ Xo (Ms caaa, tlvs slA wte 
ofiefiisd A( PA dfP elon^ a du'eAM of bnght fms^ofv o> 
tbe cof\u^ nng Ard rclAUt'slv bngbt sottBon Cmo ofvs of 


the ^in of bipolAT lobes outside (be (o^ Three eperttirej^ 
were (iscd to ex(T¥ctspec(rAcoiT9po(\diog to the ce(\trAJ ce» 
po(v (C)« e^oAtonAl nng (R). aM b)polAr Jobes (L), f^oAlJ), 
AS for M 4 * 17 , Ibe oboeetotioB vere Acquired udog two dits 
Aioft^ peipend^mlAT PAs 40 ^ Af\d IVf* T 1 \a ^pectrus ^o> 
tbe dntslit A^er\g tbeequAtonel direction. Allomred (S 
tfAct ntK fiimrTwiioTyil specUA of the cemrAl cepon (C) aaH 
equASOTtAl rif\g (R) Tbe second sbt go9 Atoig (be nebulAr 
bopolAr AMS. vbffe the emiBorv H weei^er LbAA Along the 
cquA(onAl direction lo this ase. ell the eroBMorv detected 
10 the sbt VAS Added irUo a sui^ ooe^dirrvmonAl spo;truo> 
(A) which (S repcBfntAtjye of the whole neIxJA 

to oontjwt whh tbe eourcs drecnbAd ebove, Hhl3, 
Hu2«l, K:4997, eM M M3 (^'igoree I Add 2) hA\e soAllef 
AogulAT Bes. of the order of the eb( width Aown^ tboc 
foor sodJtes, Hb 12 shows the focfii detAjM ncer*IR slrs^ 
tore, wb^rh cao be dembed as a senes of nested er^dAtoeiAi 
Arcs sorroonding a dense core in aa eye*sbAped strocture At 
tbeceoter of e more net ended houc^lAsseebdiA IHore A I^t* 
ter 1996. Ihnersteio a( aI 1966. X^eJeb ct a! 1909, Hors ec 
Ai 2 rf) 0 . C'lArb H aI 3014) The sbt wb or^eneed Abog the 
bopolAr a:qs At PAs^ 5^, cosnog the core (C)« core envelope 
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T^U a. ntf Hum of Hj^brijbi dPNt 
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(C)«Af\dTi8g (ft) The opunidtn^ufe of Hu 2*1 is covipltt^ 
whh d CMUi^l CMtwung a snail aJbpCir^ 

shall. A pa)f of lupolAf loba^ tv^ pajn o/ c^lifoatad brp> 
Jat boots, hoti outcf atcs^orc( (MicAoda ^ aL SOfll) fladjo 
<ot\tif\tftifD o)vaf\ut)Cins of XC*4S^7 rat'fAl aa oot^ bIpolAf 
»hHl hDti AA j>rwr HbpCtf^ ooe (MiraMA 4 TVreJt^ \^fA) 
Othanrisa both Hu 2^1 wH K'4fW* Af< TAthar octopAct j> 
tha oaAr»Xft io\A§ASAbo«o lo Piguca 2 . vitb ralAtivHy bnjht 
ifjoiJkOA at thaif ^otral rapoAS awl ou^dv fajol^r fxtAAdod 
TiM s3rt PAa afjo selected to cover the fotjo oe)> 
tiJar A^B o> Lbe asc of Kj 2 «I aM tbe idomt AcbulAf %j6>> 
)o tbe caoe of XC! bjt uv viev of tbeu ioeon^^etious 

neu*lit otorpbolo^. onc-djAeAS^AAi spe^rA bava bceo fa* 
tracted Cor tbe ceAtrAi irgMOOs (C) aatI fxtcAdod couao> 
(E) >1oAJIy M J*^ tbe Miokoi^i's PootpriAt Nebula^ has 
A cIaat b)polAf fDorpIvobe^^ vitb the oeboJar a^b orieotod 
AloA^PAdUV (TVanfoeO L C^ood/kH IQVI, BtijanahAJ et aJ 
IW) Tive SootbeaM 3obe is Xanter tban the t^orUva^irt ofve 
becABC the lAcJiAAtMOA of tbe oeHuJa eauM djS^eAtiai f;o 
t(rtct)o> hy an fxteAde^ e^tiAtoriAi duk The alit Aiae p^*^**^ 
aIoa$ tbe oebuJar aais. rwenn^ the Northvst (bum) kbe 
fPL). tbe OTttrAl rep»> (C). AAd the .SoutlvBAt (rear) khe 


3 ON&DJMKNSXONAL SPECTRA 

T 1 \A OAe*dJAeAMAAX sperlrA oC the selortod repoM j> oor 
aA/n^e of PNe Aee shown in Pipiras % AAd 4 Tbe di^rtribu* 
t^oA of the ddTerent spcftrA lo these two hgures is oot aec^ 
df otaJ, PNe ia Pigure % Ahow spectra r\rh lo enin^oA lines 
of lAoleciiJar bydrogen wtifreae the spectrA of PHe lo ^lg« 
wa 4 have voAk or absent bore, but bnght H 1 and He t 
J^ne AccordiogJ), we bavc ^lA tbe PNe m oor saovpJe nto 
rwD grej^ tbe Hs^bsight PNe K 4*S^, it 1*7S. M U93, aaH 
it 4* 17. and the H>*«aAk PNe Hh 12 , Hj 2 *J. aod XC:4QQ7 

Tbe luve ideAtdvcAtio ns AAd tbeir re A VA^ieAgLh& aaH 
the Aoroiabeed Jne lAfeendties (o the selected regions (ssc 
>1g& \ and 4) of the N^^toight X^t^e Ase listed j> Tbbte 2, 
AAd tbM of the H)*«eAk PNe lo Table 4 

itne ratios hAte oot beeA JodereddeAodsuiB the vbiaX 
Absorptioo towAfds these X^lMe ifoply Ate <0 IS n\Ag wh^ 
result in lioe relaute lAtenAties eoreectioos in tbe hiU A* 
^Ad smAlJer tbao Ms Tbe tesohs in thoB tehJas coohso> 
tbe segregation of tbe X^Ne in otu sample into tvo djffereAt 
groti| 8 , Tbe H>*brigbt X^tCe in Teblf S hate a Jarge ooober 
of Ht efojasion bnes in the nenr^lft A^*band and #voar N 9 
1*0 9(1) to fity line ratMOS fouch larger thao iiorty On the 
osAtrary. the H^^weak PNe m Tbbte 4 show a soiaXI oo 0 >bef 
of enuBMSO lins, these Are geoeraJly weak aod the dr*v 
3ine IS fDuch brighter than the N 9 1*0 941) Im wtven the 
3atler is detected 

Tbe spectraX properties of tbe H>*bright and Nj*weak 
PNe are desrnhed m hirtber detail 10 tbe oaai sortioAS 


3.1 H 9 * bright fiPNo 

Tbe neardR ioMgB of tbe N 9 *bnght HPNe K4*SS M U71, 
Aod it4*J7 display large, well reaoJtad aod bnght r^og^bks 
stmj^ures and ccteAdod bepotar tsbB, Thse are t)pMcaJ 
HPNe, Tbe one^dimensioAaX spectra of thse X\Ne bave been 
fxtraned Croro regions eorrsponding lo the outer bipolar 
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JobM th^ nng. lotoior of lbs nng At fx 

M4*17« tht mmoo from tht bipol^^ lobtt wi fmwl too 
Aod il hte bom aer y d irvio orv< cpKimm for 

wholfr nifbol& 

<)n tbr othfT bftod. M 1^42 bM r^lotiwly bright bipol^ 
JobM. btft tlvrxou^ irgioo ic oot rrodvttt jdoA nog btft )t 
bKtrr dsmbed m a bri^lu corrvJikA frottic^^ i )l s » 
BPN ij> (fu» CAM« Lbr ooe*diovmscMJ spectfA coTT«^>orv<l 
to thA b)polAr lobrf^ ond thr oorc Tht sprctcA of tbr rwo 

bopolor hobs hdt'f bmv ocrvHd^r^ srporAtoty At Lbry Ahow 

<ljArnog ttirCftor bngMom Ard Jox CAtios 

T^t b0po(Ar hobs of thst oo^ffcs ort cbtrortxosd by 
fxtrrovr totios bHwmv (bo 1*^ b(l) Afvd £fr*r routson 
JoM. wilb >sJMj( CMging froo ^7 (rtAC Jobt of M up 
to ^14 (K4*S$) Otfvr 3ms from loms d opstfo (Hr ( Afvd 
II) Aff tqoAJIy Ctjot {)tbrrmM« s^nttaJ ^siorv Jiooj( 
from oLfvr H9 tfATtitioru ort ^\oto bngbt 

TVt nf\g«bbr ttrunors of K 4*5^ M ond M4*17 
otJl disp^A) oooxcDot ond bright Hj routson liort btft thnr 
lotrrstv. rMAtivv to tXAi of Br> and Hf ( Aod Ht u bf\M« 
tf Joiior As for ibt rnsnooct of M 1*42 Lhr II 9 Jiooj( 

ATT oodAtorlAd Tbu s Aito Lbf cut for thr xottAJ rrglOos 
of M l*7^« »bfr«At. j> the cam of M4*17 Ht )(os %n 
pt^tot. bui wMc T^t projtctioo of ibt bipolAr )obs on 
tbt mofuost r^ioot of M4*17 aouM rMplom ihodetortion 
of HOiAsioo tbf rr 

T^t obovo drscr^pf^oo of ibo rxArvXR A^»bw^ opcrtto 
of ll>»br(gbt BPNe a xroono wbrrt thr iftfvrrrnost 

mporxt of ibrM rvrbuJAO am doromAMd by looised mot^ 
haJ. whrroM fDoJrruJAr roAtMiol it hound (ood oxcitod) o> 
ttructurm And bcpolAr bbm MotmaJ riost lo tM 
xmrAl stAT fxbbitt bjghrr iorasuori d^^rort. At iropbtd by 
tbt mtmty of ibt 1 tnd tvrn Ht 11 rataon bom. bot 
molMtilor fOAttrai caa stJU shjtJd from tht strllAT W rodu 
Atao uv elumpo At nog* x Icnvbbo ftTuctorox or S(ffvi%9 
in tM bipolAf lobs wbrro Iht UV rAdiAtion l^ux bs hren 
djlutod by tbt Jsgr dattnco tovordt ibt etnlm^ t^tx 

d.3 H3*woAk BPNc 

TV PNf 10 thit subAompjt. Hb II. Hu2«l. Aod tV4^ am 
aXI domioAtrd u> (ht otAr^XR b^ tht bright tmissoo froo An 
imrtAolwd eort 1) The outfrioott rmisrorv lo tbcM 

ntbu^ IS morb a^a^^ tbt fyt*sbAptd ftotm Around tV 
bri^M core of Hb 13. whirb btt bom dsmbtd s tht lint 
whtrt tbe otfttr brpoJor lobet jom iHoro tt aJ 3nnOJ tht 
wtok brpolAT lobtt of Hu2*l« Aod tbt ou(tr tmiAsioo from 
A knot*l(kt KfAtOM uv If 4947. Hb 13 caa be tlMibed m W* 
HPN. vbtMAt Hu 2^1 It bttttr dtATtbrd s a R*liHS TV 
dttodtd rJAMifvsAiao of 1(^4497 le oormAio 

Tbt ntAT^IR K*bAod spreiro from tbt ctAlrAl rtgiont 
of thttt routes AM MomAled by (bt Br> aM Ht I X2 ChMD 
pm luM Other Ht 1 AAd tvto tht Ht li 1614 pm Jirwt 
AM aIm eloAjty dtlccted 10 (bt opoctrA of thst comport 
rtfios ^rsk Pt Ul A^.146f> pm. Hi k3 2164 pm. AAd 
Kr 3)1 XI J94«% pro lins am dtttclcd 10 (hst X^Nt Tht Hj 
Jms. it pct g n( 10 tbst sptetJA. am not thAL proroovot os 
10 (ht H8*bri^ VSt 

Tbt AptetTA of tht otAtr Mg)08 of thtst ntbtilAt hA\e 
mocb loAor x^nAh^to^ooiM rA(io (bAO Lhost of Lhtir (ootf 
rtpou Ho 2*1 Ahost Br^ AAd Kt 1 Aod Ht li 3ms rrhtrts 
tht eptetrum of Lht otftx tmissoo m X(*44d7 only diA(>lA>s 


tbt Br> Aod Ht I AJiV)6ttpm lint TbttyMhApod ItAtoM of 
Hb 12 thows tbt owKt mltrmlui^ sptetrum. wvtb a oombtr 
of H: Aod 31J lins 10 Addition to tiv Br>. Ht I A2 0 W pm. 
AAd Ht Ji AH6i4pm bot* ^milAr lothtrsuKs rtporttd by 
HxA L letter (1446) And HorA« L^ttr. Sf Otol^ (1944) 
Tb corKlvdt. Hu 2^1 And l<'4447sbo% bltlt tvi» 
dtnetfor tbt prtstoctof roolmiJAr oiAttnAJ. vhtrcAS Hhl2« 
Aithoogh doroiAAltd by tmisoA froro looistd mAtertoJ. 
thows eomt twdtnctt of molteuJAr o^AXr^Ai m (bt oultr 
rtpou 


4 Hi BXCtTATlON 

Tbt ntAr»3it fC*bood loeluds a oumhtr of tms^A bntA 
fron r^vtbrouooAJ trAnortionA of Lht H 9 moltcult In pAt* 
ticiilAT. (ht tmiBoo boAs of sevtTAl (roAsiiioos bom (ht vu 
brAtio^ IfvtXs 2 I Aod I ft am tery promiotnt in lUs bond 
Tbt Hi 1 A S(l) to 1 1 b<l) Aod A 2 34^) Xxot rAtm ^A\e 
beto IfAditionAJly std to dcAptcot tht t>Tit^ioo rotebo* 
msm o( (bt H 9 oolrriiJtt If txtilAtioA is domioAnt. 

thtA tbt 1 4> ^(l>/3 1 S(l) And ld> H{l)/^2 Jox 
tios AM tkpsrtrd to bt bigb. 1 b 3HAAd 10 100 . rtspsrtrmJy. 
Aithoogb lovtr \%iiM of tht 1 b S(lJ/2 I S(l) hot rA(»o 
4xv7> lo bAvt aIb btto propoMd (bbaLl HolJtoboch 
1476. .Smilb 149SJ. bW bwx \Ahis of tht 1 <1 b(l)/2 
1 H(l] lint rAts dowo to tao bt MpMttd in sbocktd 
molnmlsr r9ovrU (SbulJ HoXlmbAcb 1476) vbtM physiroi 
oxidjuos OAv bt nx xmiior to that foiir>d in P^ft ^br 
tht tst of UV motAtioo. At lO pbot^tlisxiAtioA TtpoAt 
mod^ prodirt 1 bS(l>y3*l 8(1) aaH J 0 341 )/b 2 b(A> lirv 
TAtioe of 2 3 AAd rsptrlivtiy 1 Bw4oa. HolhmVrb. 
TVltrs 1440. HoUtnbocb k NstA 1945) It mutt bt nolcd 
K> stvtf tbAt 6x iugb dtoddfA. obovt 10^ rvIJsroQAl 

do^MitAtioo CAn (bruiiAJiM tht loAr^nerj> stAis of UV 
txCTttd H 9 fooJeruJs Lhut proditrmg TAtra 6 x tbtst hott 
t 3 Qtt to thott tkptttod in rsss of puM tbock McitAtrot 
(HolltohAdv k HAtto J445) 

Xo otff AAmplt. vt ctn rosopimr tAO dilTtrtni groups 
Amon^ tbott LhA( sbo^ H 9 tmisot bos Tbt Hs^bn^ht 
Vtit 10 TAbIt 5 txhib( Itrgt Hs 1 b S(l )/2 I 9(1) Jine rA* 
tios. bvo >^b )o M 1*42 (0 >^16 10 tbt nog ^ K4*55 TV 
Hj J 9 9(5) liftf 9L A3 3104 pro is oot dtttcltd. lotplyiog 
JATgtHs 1 bS(l )/^^2 S(5) 3ioe rAtrx Tbst JA/^t line rAiios 
AM lodtcAtivt of shcpfk srvtAtioo s otllsootJ dt^rscitAtiot 
CAA bt dsTArdtd ber^uM tht tJtrIroA dtaortis of tbst 
touresAre morb )ov9f (btn tbott rt^uirod 1 >] 0 ^ <o>^^) fx 
tbs modiAnm (0 bt tdxdtnt 604 rm^ hx K4*5S (ffiitr^ 
mo. MAArbodo l^8tr7A*Rirvt 1496). 1104 cm" ^ for 54 1*79 
((iuerrtro. StAAgbtihm L MtoeVdo 1495). 3504 cm"^ fx 
5t 1*42 (9ob 1441) IDb 1004 cm fx 914*17 (KaJm H A) 
1446) ()n tht olhtr btnd tht tomt liot rAtix implied bf tht 
dACA in Ttblt 4 for the Hs^m^Ak HHt am murt sntlltr with 
H 9 J 0 Siij/2 i b(J) in Lht TAn^ 0 6 2 1 5x K* 4947 And 
Hb 1 ^ Tbt H) 5 3 9(5) Imt is ooly dMcted 10 tht Mp»> 
mvtiopiog tht roct of Hb 12 . a 9(I)/5^3 S(5) Imr 
TAtio I. IVt (b\s rvocludt thAt lo tJt cass of H^^wr^ 
i^Mt whtrt Lht H 9 Jms am dtttrltd. thtrt is ckAr tv^dtnet 
of rv sxitAtion 

Tbt populttion of tht Hj molorult tntrgy Itvtb pr^ 
vidts AO AceuTAte Asssmtnt of Ibt nontAlioo tonditiovi 
of thst OMiteols (t p HofA k LAtter 19bl. Hxa. tsu 
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6 iof tU H 9 Um lA t^ Upolaf Phk K M il (boiMvkft), asd M ^ 17 

4o\\^ (ac dJStKrtt r«^(u M wii> dtf aw w lauoaitM T)tt 31 ma^ Uti to tV dkteoit dAU 
Jrb^yiod tHft ttti^rotuM fof Oi^woJ m 3ab«Ud 


M. <(r U^tscH J^P93 In tM cm of port or sU^ 

MnA^ crc^Ation a sogl^imp^Atorc iMtsoA/io diMnbtA 
t^on doffTtbon Lh^ popBlAtioo of t)tr roor^ Ift'rls of thA Hj 
nolfcul^^ TYvo. tiM ol thr vibroticMl c«station Wr?u 
pffoturf ■ cotoeideot wttb tiv ro^AtiooAJ f;(cUo» 

t^on tHDp^ntorf« T42(J3« la t)w cioe of UV thf 

poptilotion of t)tf fftfc g ) IfrVfb dfports bvm a Boltmam 
^rtnbtfUot artd tbf v^bratiooaJ AJtd rocatianAl f!*fitation 
tHDpfratBr«j( dift«r. Tm(J3 

"lb QXfOt vb^hfr errAatiMV porrly rnllinionni or du^ 
to l^V ftuocrvfncf. thf ItfVf rotis fnm thf aaiDf ro» 
vibfAtiooal ^otirtd 3f^'f Is hot'f bof 0 osfd to dfn^ Lhf cvh 
tmn dfn0t)a( rHativ^ io tbf I tnd Js^ AMf piottfd j> 
f^guTf ^ Tbf data poetts j> tbf!tf plorx can bf Bttfd by a 
liof« impJ)cn^thAt ihf popjlorioo of tht cpfr^ kfy^is 
foOows A ttoltsvaan datnb^Uioo aad thus that imitation 
(S fDotlv ooJbsiooaL A rodMfd fit to tbf«f data pojtts 
lodfod oonlrnos that a sogla Jiof adfqjatfly dfcr^ba thnr 
djstnhtfUot. %^tb rf doerd bftwfen OA aod I ^ 

Tl\a fxf nation tf ovpf rat jcf eao bf inKrnrd &qov Lhf slapf 
of tha bna Bttfd lo Lhf data poens r«ssld$0 ?0Nt> K ^r 
K r,<slM0 ISSO K for :t3 U7^ T»<s2l3f^ 2m> K for 
ktl*92, and r«,s2W> ^3n K for M4«17 

As forHbl^ tbf Ht 3m ratios aj? roosistfm wvththsf 
^f«fOLfd by Hora 4 Latifr [Wt) and Lubotan L ^kf 
[19^3 vbo rooclisdad that Lhf f^ritation lofchtnisot of thf 


H9 fDoJrrtJas )o Kb 12 is pm Soorarwt TbaataJabfo linf 
ratios ba>% bffc usfd Lo dmvathf eolicnn dfositis rfJatrta 
to tha ys 1 and ^9% stair pfoKfd m ^l^m 6 lo this rasa, 
tha rfdurrd \ ^ for a siogJa Unrar ht s %ID. vbjrh lodicatfs 
that thf popoLatioo <bstnbift)o> s not Ibaroial Lhfrrant 
Joifar fits dasfnbf moeb nan acruratfly tha data pojtts 
fron ddffffot tibrational Jsvfb (rfdorrd ^1 %)* tbos inu 
pJvA^ doLuncforr etc nation Tba fxolalioo tfroparatura 
^^90 K ■ roosisLfot with that of llSStdSn K raptftfd b/ 
Horal tactar (1^3 

f^oally^ for 1C* 4497 losodWimi fotmoo bnro vara da» 
tartf d for aa aoalvsis of tfropfsattuT* whfraas 00 H9 0 da» 
tfdfd te Hul*7 


5 DLiCVSSlOU 

A sgoihrant fraclioo of l^Nf d^^Jav K 9 mias^oo 3 Jti& Most 
of thf ov hava bipolar o\orpfso3cipfa. foading Ktstnfr at a3 
|I4Q4) to stau tbe s&ea3lfd {ratify s rola for vbtfh thf 
dftf<n^ ^ Lhf 7 121 ^ pfD 8 ( 1 ) Hi 3inf aias corvidfrad to 
rvoclosta proof o( tha bipolar natiira of a PN« As norf 
sfnsniyao)^ofr%%t>o« ara bfanoarrifiH otit« foany faffpcions 
to this rula bava bff 0 rf ported %wrv avo3\ad PNa of 

difformt morpfsolopraJ groups hava bffo found to display 
fmisioninK: boas (hlarqofa*Logoft al 201^3 Tbacf ^ not 
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^ the N: ICM a tU bipoltf 

PN6 )C^)S D4{A br djl^KWt M ploit«d nb 

dAtaftt AyibboU ajiJ ftcy 


j ugM coTTflMws bftVi^o occjnrftfv o( Hj masioo aM 

b)po 4 Af miarp kgJgi^ j> rttfOTTJC»OC^^Wgltfrt 

H^ro 4 />df s ^ aI 20n2| Tb^ aJ r/octf ooMd^y^ u 
tbM ffTQSMCffk cd Hj lif\M u oot f;«rJusiv^ i^Nf wilh bipolAf 
woejM^o^ ^tha u^h ibf> teed v> b& bngM^ is (bAJ> 
ocbff Pt^« ft %t 2 nH) 

ts tbs work ^ bftv^ preAfvtfd 
loifTfDfdiMf ♦r^vhftion ApfCicocccpK obsff y%tiof\A of a saou 
ol bipoJAT AfvH/orfbc§AtAd HNf TbfAf obsf rvAliofis df» 
tfct H) f ruMn JjM 18 Hb 12 H4*IS 

Ki^tT, VfTV « 9 Ak H) HDMioo u Also 4 et«(tfd j> l<* 4 W 
Df^)tf rts bipolAf ottrpbolo^ no foiSQOO ic detfftfid 
10 i^u2«l T2\f dft^tion fAlf m oot supcisj^ giviog 
tbf Aflfft^ofv cTitAfiA. Aod ik cfnAifJ) fmphAMf^ tiw bgbff 
Hi tag}MOf« of bfpobr PKf 

Aoon^ 08 f MJopJf^ thff f IS a rioAr cvnrlAtioo bftwsfn 
d^oUed bipolor focfplio4o^ Aod roiMU'f s^rfn^b o4 tiw 
fmMtofv whh vfJl d^vslopfd oquAtootl nn^ aM 

JACgf bipobr iobss tfnd to osbibit lAf^^ so bof rA» 
iyo9 thAA W*BPMf snLb aAJTOw misu m tbfir f^tiAtoriAl 
irpoos wrtlv tivf pnwihir cscfpuoo of Il82*] Altlwogb vf 
noSf tbot rts fi^tiAtoriAl rifi^ iwi noS df vHopsd as thosf o( 
bt i*lS Aod 4*17 Tbtf nA> oot mly tfiAt fq8A» 

tocisJ r otfff A sbfItff (or Hj owboruJ^ bot tbot shock 

fXOtAtlOO* Vbl^ IS A fDOCh OSOff ffbrifOt fXCltAtlOA rsvATiv 

Aom thAO CjV SooffocHVfif And tbos prodocfs lugbfr krA 
fJs o4 foisMO m (bf bofs ■ ibf donuriAnt OACRAtion 
mK^A/iMD m ibfsf ob^fcts Xodffd^ our spfccmospsc ob 
sff^oUonA CQoBrw (bot sbock<fxoiAtioo \s pcfSAk^nt Ajooog 
ftbPNf 

T^is trf nd ■ ins'Ofti^Mfid 8vlo mocf df tAil )o f 7* 
whrcf thf Hi 1*0 24 S|l) And Hs J^0Sa)/brr lifvf 

TAtlOS ATf pbttod ^or A SAJOplf of o6|8CU Al4JbMf thf 

Jdff Atorf (tba pApsf Ho^. LAttf Dftftscb 1999 « Lono 
dfn Pu»if>. HoAJ^ 7 DC)V <fAse(A*Hff osndf s ft aJ. 20^2. 
DofisftAl ym bkkfl ft aJ 2 Dnei Tisf duRribtft^ d W- 
bPNf or it*bPNf 10 tbis pbc coobnos Ibo prrvious tffod 
ftbPNf ojtmcobfr W.Bl\Nf by two to one (12 n*Bl^Nf 
bf 7 kV^Bi^Mf) fx AMKfA bngbtfr sfisn m bo>« bot 
tbMTAUo ffvms br bT^^bngbtor sowrr* 46 R«Bl\Nf br U 
kV*BP^Xf br sourcfs »rth H)/br> <06) Wf Abo sx brrf 
tffodsprfVMtib) tfpLuSfd oo tbr ffff^rtsoInfbuJArfvohftion 
on tbf mitACion o\r 9 d\AQiaD (ood tivus )o tbf Irsvl) of bj 


fTOMUorv In pruto^PNf p CRL2Aldt> And vFr> mlvod 
bopolAT PNf (f g ♦ M 1*7A^ A bf cf thf Ai4ilAbb Hux of lornn 
)og pbotOQS IS sr?\All« tbf o\Ain fseitAUon owhAOVO ol thf 
bj rr^obcolf nculd bf sbocha« AthfcfAS m inifmodiAtf fv> 
lotiooAcy sligAS dooTACfor^ ought doroAdSf (Oavs ft aJ 
2Cdn| 

Tbf plot )o ^^gucf 7*Xf/f forriJn a boor posdivf rvr* 
nUk¥90 bftvffn thf Hi 1*0 Silj/Hi 2*J S(l| Aod Hj l*D 
S(l)/ttr^ lifif TAtios ^Vbff1 tbf donuriAJM fxoitAtsxv forebA* 
n)sov IS itkfo )oto accou/r |Pt$urf 7*n^0* shoos 

tbot H^^bri^btfT Murcfs prf Afot dorairiAnt sboek fsf^t^ioo* 
whfTfAA AOdJifs donioAtfd b> U V ^xotAtioo tvprcAJIy hA\f 
bo fTOWiiorv bngbtfr IbAJV Hj 1*(1S(IJ TYus eoohnos sboek 
fKotAtioo bNO^ osoTf HbcAcot thtn l^V fsoitALioo^ And tbus 
psodunog brigbtfrHs foisos Wf Abo notf thAt« srhfCfAS 
thf sAJoplf of Hj*bri^lUfr soucfA Aff nstly sboek fMrMd« 
tbxf R A noruno^ipblf subsAJopif of bfvbngbtfr osorcf s 
tbAt pcofnt aJso #vort fsoitAL^on As a muk^ thf ttfrvd 
bftAoeotbfHj IU> Sfl)/Hi 2*1 »!) Aod I4>bfl|/br*> 
Josf r¥t>cft« wh)rb o rAShrr b\Afp for thf Hj*bn^hSfr sourfo^ 
beeootfo Im fvidrot for thf bf^*bngbtfr Aourcfs 

Tbf hor^MntAl bf\f« lo ibo plot tOAcb tbf iioJofs o( thf 
Hi 1*0 S41)/llj 2^1 H(J) fAtb typicALy MUford m la^ct 
JooR for dvort cordAtixv OlO) or oppfr bmt for l^V f^r* 
otAtiOR |<6) kVrtbio sbo lutf rAtio uncfcSAJOUfs thf fxcc^ 
tAtion of thf djbfTfnt sourrys eo this p3ot gfofCAlIv bJbw 
thfsf ruUo 


6 CONCLUSIONS 

^Vf bAVf prfsfntfd ofAr*XR /C*bAnd ifilfn?ifdiAtf*dispffbo> 
spAt)AJIy»rfsoJ>Ad spfftroseopMr ob8fr%%t>onA of a JuoRod 
^ bipoJAT PNf Thf spfotTA bovf bffn oxd to 
tfTTTUfif thf fKOtAtlOO fDfcbAniso> of thf bj nvoiffukf 
)og sStndArd Jinr nt>o dtigocoSm lndffd« oor spf<tr> 
srvpsr obsffvAtwwn rvobrov tbAt sboek^xritAtion is bund 
to bf prftttifot Ajnoog lt*Bi^Nf vrth brood oquAtoriAl nn^ 
whfffAA kV*bPNf Anth OAxro^ fqoAtor^AJ AAiots profni fc» 
thfr UV fxoUUiori At tbftrrvrfs orshodK*exeftAUo> At thfir 
bopolAS iobfs Thf diHfCfnt ^xotAiion nvArhAiiicru 4l^V x 
shock) of thf oolf euls sffro to lotplv ditfxfot Jfvrb o( 

thf Hi ffD^sioo vilh r^^oct to tbAt of Br> Aoth JAigx bj 
1*0 H|l)/b7> hof m>« for sboek*fxrtfd bX^Nf if oustly 
fLBPNf. 

kVf hAVf lo^WigAtfd posoblf ooxlAtions bfCAOf o di& 
ffffot Of A7*lft Jine CAtiQS. Hj fMntAtioo« And dftiifod btp> 
Jac norpholo^ omoog PNf Aifth ASoJAbb if\fDn?iAt>o> u> 
thf JrtxAtusf Th)s study oonhm thAt R*bl^Nf ajt )o a^ 
fTA^ bn^htfr ot Hj Aod show dorojitAot sboek f^oitAtioo 
^Vf propcAf tbf Hi J*f) 9(J)/Br> linf TAtio a prfbfDinAiy 
r7ftfr>xv for tbf fxntAtioo nvrhAom of tbf Hi foobcules 
)o bPNf« fsprriAlly u> ftolvod bPNf vitb a brMd f^UAt^ 
ml nn^ vhorf a hi^h bof rotw ia liMy thf rosuJt ol 
sho e Ip fxr It At ion 
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^Jgufv DtotfjbuOM ^ PMo la tij Alj ^( 1 ) imisu* Hj )4 d^Au l>o mM^pkj cl PSc 

•Jib avHtJalib OHiasuMiMaM ol i1h»s Itas mlu —n-wiug ibo unilMl raboMX ^aow as aUoMu, but ■(■rkliif Om UB0 lMk»o 

ii^h»iiMu aial AsmUM UlfMlaf ifiifpluilini u >%)•) I u no^; I K>BPUuj ^’vnti ib owh uaiJoar. uiiUdoiii ut «nlau i>i<iilitilri|;ii iil 
Typa> am abii uu/had niionsd lb ha>^ a latklwa of (buck aad U\' JTliTtfi ■>• alab Ml fW T^irpatlMir ibc UuriMUal 

IlUB ua/k t)w JiaiW h* W-uauul l<i) asd «»■>»■ l-imi.^ i |>iOj Hj ryf^Hv aiaiueiJ ta lh» iJMatiuu TIm •anical liaw ai Hi 1-0 
Ml? M^alM Befbflgls >rtnw |la Om hih) 6 mi «mvim lU U« 


30U>2S7r4>r09>02 c^foadnl wub I'lDEIl bioda. R A U . 
L atan irhirri'*«*r>a nppon b> UpUna CUNAl'YT 
|C'«sfjo Narimnl d« ObA v Tii iii^igi'ii] gnat No. 
?077CII UltL ar^an»M^ fupport C'UNAl'YT 

Ignoi ITTeUJ. (Till. riUniKT ud SEI* lUOaiJ LFM 
U supported bv H|Brrrli kOCINN graat AVA 301 !• 
3022M'S>01 ark kUNBC'l} gnU AVA 3aiJ«573A«'1>'UP. 
bttta bv k'kIUEA Hosed an obvn«jow 

lo^e «.Tih ifce UoJiu Tblscoplu Nukmafe (TNUJ 

opsnifd ol ibe Ubsemisto del Bn(iis de las UartuolioL 
Palffio, Slpaot. bf lUe Poadoooo litideu CidiW u( ifce 
INAP llstlTuW NoBuoUir di AsUoSslrml Bosvd un olaervw 
Mils enliecMd a) Lbe Ceolro AArooosJro Alrnna 

irAklA) at C’oLu AJio, opontad Jootly Ibc Uax<PIh»cK 
LasifMi lii AfUOTMiDe sad lbe lasibalo de AeunHiico de 
Aadaludo (lAA^CVni'j 
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